Abstract. Although creation of layers with different textures in topsoil is known to increase available water holding capacity (AWHC) and plant survival, little is known about associations between the layers and fine root density (FRD) or water consumption. This study investigates the effects of alternating a coarse sand layer over a finer loess layer on alfalfa growth. Soils were packed into 90-cm long columns, either individually or in alternating layers. The three layered soils had layer thicknesses of 11.25, 22.5 or 45 cm. Soils were saturated, allowed to drain freely and the AWHC was determined. Alfalfa, sown in the columns, grew for 15 days before an irrigation regime was applied to all columns. The net photosynthetic rate (P N ) and profile soil water content were measured during the three-month growing period. Shoot, root, and total dry biomass and FRD were measured after the experiment ended. The AWHC was considerably increased by decreasing the layer thickness. The FRD decreased with depth, and was greater in the loess than in the sand. Decreasing layer thickness increased FRD in the loess layers. Root and shoot growth, water consumption, transpiration and alfalfa biomass all increased in the layered soils relative to the homogeneous soils. Hence, alfalfa biomass increased in response to decreasing layer thickness. These results can be used to test and validate mining soil reclamation and/or arid agricultural water management practices in the field.
Introduction
Coal mining is a major industry in the north-western part of the Loess Plateau. There are many mines located in the region, including one of the largest opencast coal mines in China, which has a mineable area of 17 145 km 2 . Loess is the main soil type in this area, which is susceptible to desertification and soil erosion. In recent years,~85% of the mines have been abandoned due to being commercially unviable (Xu et al. 2001) . The mining industry is committed to restoring upland landforms and to reclamation, which can improve land capabilities and protect the area from desertification. However, water is a key limiting factor for plant growth due to a low total annual rainfall of~400 mm year À1 and a high potential evapotranspiration of~1200 mm year À1 (Kemp et al. 1997; Smith et al. 1997; Duniway et al. 2010) . Given the water limitation, it is fundamental to any reclamation design that an appropriate soil cover prescription (depths, composition, and configuration) is selected in order to enhance soil water storage and to improve water use efficiency. The choice of plant species is also of great importance.
Several field studies have shown that the way in which a soil is layered considerably affects its available water holding capacity (AWHC) and the distribution of the stored water (Hillel 1998; Macyk et al. 2004; Boateng 2007; Verbist et al. 2007; Ma et al. 2010; Ityel et al. 2011; Si et al. 2011; Ren et al. 2013) . Finer-textured soil layered over coarser-textured soil produces an enhanced AWHC within the finer layer because of the capillary barrier effect that is caused by the different air entry value of the soils (Yang et al. 2006) . In contrast, a coarsertextured soil layered over a finer-textured soil improves the AWHC of the coarser layer because of the increased retention of water at the top of the finer layer, which is caused by the smaller saturated hydraulic conductivity of the finer-textured soil (K s ; Khire et al. 2000) . Huang et al. (2013a) studied the impact of textural layering on AWHC within drained sand profiles. Their results indicated that the AWHC values could be considerably increased by introducing more layers into the sand profile. Given this demonstrated capacity to enhance AWHC, the technique of layering soils has been widely used in mine reclamation in arid and semiarid regions (Aubertin et al. 1996; Bussière et al. 2003; Zettl et al. 2011) . Layering designs have ranged from a simple design consisting of a finer-textured layer overlying a coarsertextured layer to more complex designs that comprise multiple layers of finer-and coarser-grained soil material (Elshorbagy and Barbour 2007) .
An advantage of layering soils to enhance AWHC is that plant growth can be improved. Wehr et al. (2005) constructed various layered sequences in four types of soils used to cover, or cap, mining wastes, which were then planted with Rhodes grass (Chloris gayana). They found that combinations of a soil that had a high water holding capacity with one that had low soil water diffusivity resulted in not only a greater total AWHC value within the cap but also in the best plant survival rates during drying conditions. Liu and Li (2009) found that water movement and the total root length density during a two-year experiment was different in two soils that were layered, compared with a homogeneous sandy loam soil. The mean soil water content in the upper 20 cm of a sandy loam-sand-sandy loam layered soil was 18% less than that of the homogeneous soil and the total root length density was 44% greater in the layered soil. In contrast, the mean soil water content and the total root length density for a sand-over-sandy loam layered soil (0-20 cm) were 28% and 35% greater, respectively, than those of the homogeneous soil. Cheng et al. (2013) investigated the water balance difference in homogeneous and layered soils under Caragana korshinkii stands in a semiarid region and found that the annual water balance components were greatly affected by soil layering. The layered soils had deeper soil water recharge and the transpiration/actual evapotranspiration (ET) ratio was greater than in homogeneous soils; thus, plants growing in the layered soils had more available water for transpiration than those growing in the homogeneous soils. Huang et al. (2011 Huang et al. ( , 2013b evaluated the effect of introducing textural variability to coarse-textured reclamation soils on plant-available water and associated forest productivity. The measured and simulated results indicated that textural variability could increase the AWHC by 8-16 mm within a 1-m profile of the coarsetextured soil. This enhanced AWHC potentially increased the forest leaf area index by 0.3-0.8% and the net primary production by 14-30%, depending on the specific soil texture and tree species.
The majority of these investigations mainly focused on the effect of layering soils on AWHC and on plant growth without considering the mechanisms by which textural layering changes the plant root distributions and water consumption within differently layered soils, particularly in regard to layer thicknesses. The objective of the current study was to investigate the differences in fine root distribution, water consumption, and biomass of alfalfa grown in soils with different layer thicknesses. Alfalfa (Medicago sativa L.) is a perennial flowering plant and is widely planted to reduce soil erosion and increase soil fertility on the Loess Plateau. It is also used as a primary species in large vegetation restoration projects (Fan et al. 2014; Li and Huang 2008) . Therefore, it is important to understand the way in which alfalfa growth is affected by various layered soils to better manage and expand its use in reclamation caps.
Materials and methods

Soil materials
Two different soils were used in this experiment. The first soil was a sandy loess (referred to as loess in this paper) taken from a mining area in Shenmu County, Yulin City, China. The second soil was a sand soil (referred to as sand) collected from the Mu Us Desert, in which some opencast coal mines are located. Disturbed soil was collected from the upper 20-cm uncultivated layer, air-dried, and passed through a 2-mm sieve to remove any large objects (e.g. stones, debris). A mechanical analysis of the soil was conducted using the sieve-pipette method (Gee and Bauder 1986) . The loess had a sandy loam texture, while the sand had a coarse sand texture, based on the FAO soil textural classification system (FAO 1990) . The soil water retention curve (SWRC) for each soil was determined using the centrifugation method (Townend et al. 2001 ) (Hitachi CR21G centrifuge; 208C) at suctions of 0.001, 0.005, 0.01, 0.02, 0.04, 0.06, 0.08, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, and 1.5 MPa. Following measurement of soil water content, the air-dried disturbed soil was packed to a known bulk density in the centrifugation tube and then saturated before centrifugation. The corresponding volumetric water content was determined by weighing the sample after attaining equilibrium at each suction and removing the expelled water. Although the centrifugation may change a soil sample's bulk density, especially in finer textured soils, and thus might affect the SWRC (Lu et al. 2004) , this method is considered as suitable for the determination of soil water retention properties (Reatto et al. 2008) . The SWRC and the unsaturated hydraulic conductivity were characterised using a computer program for quantifying the soil water retention and hydraulic conductivity functions of unsaturated soils (RETC) (Van Genuchten et al. 1991 ). The K s was determined by the constant head method (Klute and Dirksen 1986) , using disturbed soils as an initial value for calibration. The wilting point (WP) is widely accepted in the literature as being associated with a matric suction of~1500 kPa (Hillel 1998) . These physical properties of the soils are reported in Table 1 .
Column apparatus and packing
Experiments were carried out in acrylic columns with an inner diameter of 23.5 cm and a length of 90 cm. Columns of this size are large enough to reflect accurately the rate of soil drying experienced by plants grown in the field (Ludlow et al. 1985) . The column bases were sealed with acrylic plates that had slits cut into them to permit water drainage from the soil column profile and filter paper was used to cover the slits and prevent soil losses during drainage. The columns were packed with different layering patterns using either one or a combination of both of the sieved disturbed soil samples, as shown in Fig. 1 . All of the soil layers were positioned using identical placement techniques (Huang et al. 2013a) . The location of each layer boundary was marked on the outside of the acrylic columns. The water content of the loess and sand at the time of packing was less than 0.01 cm 3 cm -3 . Layers of the loess or sand were packed to obtain dry bulk densities of 1460 kg m -3 or 1630 kg m -3 , respectively. Soil was added from the top of the column and gently pressed down using a metal rod. The metal rod was also used to disturb the soil surface during packing to minimise discontinuities between layers as well as to obtain consistent and uniform bulk densities. Each treatment ( Fig. 1) was replicated three times. The experiment used a randomised complete block design.
Available water holding capacity (AWHC)
The packed soil columns were placed in a plastic drum and water was slowly added to the base of the drum until it reached a depth of 90 cm over a period of at least 72 h in order to achieve complete saturation, while reducing aggregate breakdown due to slaking and avoiding air entrapment. After saturation, the columns were transferred to a drainage tank in which they could drain freely and, at this time, the top of the soil column was covered with a filter paper and plastic film to prevent surface evaporation. After 96 h (4 days), all the soil columns were weighed using a standard electronic balance, accurate to AE100 g.
The AWHC is the volume of water stored within the rooting zone as represented by the difference in water content between the field capacity (FC) and the WP. The greatest uncertainty in determining AWHC is in estimating the FC. We made an approximation of FC by assuming that the water content had attained FC for all soil columns after the 4-day drainage period. In the field, a common estimate of FC is to measure the water retained in an initially saturated, freely drained soil profile that has undergone at least 2 days of drainage without rainfall or evaporation (Hillel 1998) .
Alfalfa growth and irrigation
After the 4 days of drainage, the columns were moved into a greenhouse, which had a mean temperature of 328C and a relative humidity of 61%, and were sown with alfalfa seeds. Seedlings in each column were all irrigated with an equal amount of water that was sufficient to ensure alfalfa survival. The alfalfa seedlings were grown for 15 days to a plant height of 10 cm in the loess columns and to 12 cm in the other columns. They were then thinned to five similar clusters, with each cluster having two plants. The plants were then grown for 92 days from July 1 to September 30, 2013. During this period, the plants were irrigated based on the average rainfall conditions (mean amount and frequency of rainfall events) of the study area (Yulin City, Shaanxi Province), while the base of each column was sealed. In the study area, the long-term mean annual precipitation is 430 mm, 72% of which falls during June to September. In this study, we analysed the mean numbers of monthly rainfall events that had rainfall depths that were greater than 10 mm. According to the results of the analysis and taking into account water availability to plants, we created a combined frequency and water depth irrigation plan based on the past average rainfall conditions that was applied to all of the columns. The total number of irrigation events in July, August and September were 6, 6 and 3, respectively. To investigate the influence of a heavy rainfall on the soil water content profile, the irrigation, which was evenly distributed during July, was non-uniformly distributed in August and September. The times and amount of each irrigation are presented in Fig. 2 .
Measurements Soil water content
Soil water content was measured using time domain reflectometry (TDR) (Topp et al. 1980) . After the columns were packed, nine unbalanced three-rod probes, 12 cm in length (Campbell Scientific Inc., Logan, UT, USA), were inserted horizontally into each column at 10-cm depth intervals with the uppermost probe inserted at a depth of 6.25 cm. This ensured that the probes were well distributed in each layer for both soil types. Before the column experiments were carried out, the TDR probe was calibrated using the gravimetric method for both the loess and the sand. The soil water profile of each column was measured before and after each irrigation during the experimental period.
Photosynthetic rate
Net photosynthetic rate (P N ) for alfalfa grown in each column was measured on three sunny days (July 12, August 19 and September 16). Three newly expanded, healthy leaves at similar positions in each column were selected for the measurements. A portable photosynthesis system (LI-6400, LI-COR Inc., Lincoln, NE, USA) was used that had a red-blue LED light source (6400-02B) producing 1200 mmol (photon) m -2 s -1 . Measurements were made under the same conditions (ambient CO 2 concentration (C a ) of 330-370 mmol (CO 2 ) mol -1 , leaf temperature (T leaf ) of 25AE 38C, and relative humidity (RH) of 50-55%) inside the leaf chamber.
Evapotranspiration and biomass
Evapotranspiration from each soil column was determined based on the loss of mass during an irrigation period, which was measured by a standard electronic balance that had a capacity of 150 kg and an accuracy of 10 g. The increase in alfalfa mass during the irrigation period was relatively small and was considered to be negligible in comparison to the mass of the soil column. Each column was weighed before and after each irrigation event during the experimental period.
The dry masses of the shoots and roots of the alfalfa were determined after harvesting at the end of the column experiment. After determining the fine root distribution (see below), the separated roots and aboveground plant parts were initially dried in an oven for 30 min at 1058C and then at 808C until constant mass was attained. The shoot and root biomasses were summed to give the total biomass of alfalfa.
Fine roots distribution (FRD)
After harvesting the aboveground biomass from each soil column, the fine root density was determined for each 11.25-cm depth interval in every column. All of the soil from each 11.25-cm depth interval was washed over a sieve under running tap water to remove the soil from the roots. Fine roots (<2 mm diameter) were collected from the sieve and placed in a transparent tray containing water that was 3-5 cm deep. The FRD was measured using a WinRHIZO system that included a high-quality scanner and root-image analyser software (Regent Instruments Inc. 2001, Canada) . The total root dry mass was then determined as described above.
Statistical analysis
Analysis of variance (ANOVA) and stepwise multiple linear regression were carried out using the IBM SPSS statistical package (Version 20.0 for Windows, SPSS, New York, USA) at the 0.05 probability level. Differences between the treatments were compared using Tukey's honest significant difference test.
Results
Available water holding capacity
The AWHC values for soil columns from each experimental trial are reported in Table 2 . The homogeneous loess column consistently had the greatest AWHC values and therefore had a greater mean AWHC (258 mm) than the homogeneous sand column (89 mm). For the three layered soil columns, AWHC increased with the increasing number of soil layers. A single factor ANOVA was used to compare the AWHC within the three layered columns. There was no significant difference in the AWHC between the 22.5-cm and 45-cm layered columns, but there were significant differences in the AWHC between the 11.25-cm columns and both the 22.5-cm and 45-cm layered columns (P < 0.05) ( Table 2) .
Soil water dynamics
Soil water content in each layer and daily precipitation with time for all of the columns are presented in Fig. 3 . The water content within the sand layers was consistently low and decreased only slightly during the experimental period. In contrast, the water content within the loess layers was much greater and decreased more notably during the experiment. In the 11.25-cm and 22.5-cm layered soil columns, the water content in the lower loess layer did not generally decrease until the water content in the loess layers above it had almost reached the WP. For instance, in the 11.25-cm layered soil columns, the water content of the third loess layer did not begin to decrease until the water content of the second loess layer was~0.07 cm 3 cm -3
. The water content in the first loess layer clearly varied between irrigation Effect of layered soils on root growth and water uptake Soil Researchevents, even in the 45-cm layered soil columns, but the fluctuations reduced with increasing depth. However, the water content in the sand layers was rapidly affected by irrigation, even in the lower layers.
Net photosynthetic rate
The net photosynthetic rate (P N ) of alfalfa on different dates for each column is reported in Table 2 . The P N was consistently smallest in the homogeneous sand columns, while it was greatest in the homogeneous loess on two of the three dates. The behaviour of P N in the three layered columns varied according to the date of the measurement. For the three layered soil columns, the P N tended to increase as the number of layers increased on July 12; however, there were no significant differences among the columns. On August 19, the P N for the 45-cm layered columns was significantly greater than for the other layered columns (P < 0.05), but there was no significant difference between the 11.25-cm and 22.5-cm layered columns and the trend was less clear than on July 12. On September 16, the 11.25-cm layered soil columns had a significantly smaller P N than the other layered columns (P < 0.05), and there was no significant difference in P N between the 22.5-cm and 45-cm layered columns. In addition, the P N tended to decrease as the number of layers increased.
Evapotranspiration and biomass
Cumulative ET and transpiration for the various soil columns are shown in Table 2 . The 11.25-cm layered columns had the greatest cumulative ET (373 mm). The 22.5-cm and 45-cm layered columns had the next greatest cumulative ET and there was no significant difference between them (P < 0.05). The homogeneous sand columns had the smallest cumulative ET (215 mm). Although the homogeneous loess column had the greatest water storage during the experimental period, its ET value was only smaller than that of the homogenous sand column (i.e. less than the ET values from the layered columns). Evaporation can be ignored in those columns with sand on top (Ren and Huang 2014) , and, thus, transpiration then corresponds to ET (Table 2) . Evaporation from the homogeneous loess column was likely to have occurred, and thus the transpiration was unknown. Therefore, the significant differences among means presented in Table 2 do not consider the loess column.
Mean shoot, root and total biomass of alfalfa growing in the different soil columns are also reported in Table 2 . The 11.25-cm layered columns had the greatest mean shoot biomass (18.48 g), which was significantly different (P < 0.05) from the smaller biomass in the 22.5-cm (15.42 g) and 45-cm (13.71 g) layered soil columns. However, the mean shoot biomasses in the 22.5-cm and 45-cm layered soil columns were not significantly different from each other. The shoot biomass in the homogeneous loess columns (10.25 g) was significantly smaller than those in either the 22.5-cm or 11.25-cm layered columns (P < 0.05), but did not differ significantly from that in the 45-cm layered soil columns. The homogeneous sand columns had the smallest shoot biomass.
Similarly, the 11.25-cm layered columns (10.65 g) had the greatest mean root biomass ( Table 2 ). The 22.5-cm layered columns had the second greatest root biomass (6.27 g), which was significantly different from the root biomass of all other columns (P < 0.05). There were no significant differences among the root biomass of the columns with either a homogeneous soil type or 45-cm layers (P > 0.05).
The total biomass of alfalfa in the 11.25-cm layered soil columns was significantly greater than that of any other column, while the total biomass in the homogeneous sand columns was significantly less than that of any other column (P < 0.05). There were no other significant differences in the total biomass among the other columns.
Fine root distribution
The FRD of alfalfa decreased with increasing depth in both the homogeneous soil columns, which was expected since this phenomenon has been widely reported (Luo et al. 2000; López et al. 2001) . Furthermore, the FRD was greater in the loess columns than in the sand columns. This phenomenon was also evident within the three layered columns, where the FRD was much greater in the loess layers than in the sand layers (Fig. 4) .
The FRD of alfalfa was greatly influenced by soil textural layering (Fig. 4) . The FRD in the loess layers was different within the same columns at different depths. In the 11.25-cm layered columns, the FRD declined within each of the loess layers from 1.27-0.36 cm cm -3 as the depth increased. In the 22.5-cm layered columns, this decline was from 0.60-0.24 cm cm with depth was greater in the 11.25-cm than in the 22.5-cm layered column. In the 45-cm layered columns, the FRD decreased with depth within only one loess layer. The FRD in the sand layers exhibited little or no differences within columns at different depths. The FRD of alfalfa in the loess layers at a given depth depended not only on the depth but also on the layering scheme. At a depth of 35-45 cm, the FRD was similar for the 11.25-cm and 22.5-cm layered columns. At a depth of 60-70 cm there was a significant difference in FRD between the 11.25-cm and both the 22.5-cm and 45-cm layered columns (P < 0.05), but there was little difference between the 22.5-cm and 45-cm layered columns. In the bottom layer (80-90 cm), the FRD declined with the decreasing numbers of layers. Thus, the FRD was the greatest in the 11.25-cm layered columns and the lowest in the 45-cm layered columns; however, the FRD in the 22.5-cm layered columns was only slightly greater than the FRD in the 45-cm layered columns.
The total FRD was also different in each soil column ( Table 2 ). The 11.25-cm layered soil column had the greatest total FRD value (0.36 cm cm -3 ), while the homogeneous sand column had the smallest total FRD value (0.04 cm cm -3
). There was no significant difference in the total FRD between the homogeneous loess column and either the 22.5-cm or the 45-cm layered columns, but there was a significant difference in total FRD between the 45-cm and the 22.5-cm layered columns (P < 0.05).
To select the factors that might affect FRD, a stepwise multiple linear regression was used to analyse the effects of AWHC, layer thickness, depth, and the number of layers on FRD. Except for the number of layers in columns, all of these factors were found to significantly affect FRD and explained 65% of the variation, while AWHC was the main factor affecting FRD (Table 3) .
Discussion
Soil texture and layering greatly affected soil water distributions and soil water holding capacities. In the current study, the AWHC in the homogeneous loess columns was greater than that in the homogeneous sand columns, and it increased with increasing numbers of layers in the layered columns. At the soil surface, a coarse (sand) layer overlying a finer (loess) layer prevented water loss through evaporation from the finer layer, and water accumulated at the interface of the two layers because of the smaller unsaturated hydraulic conductivity of the surface sand layer. However, where a fine-textured soil layer overlaid a coarse-textured soil, percolating water became trapped or stored just above the textural interface. This occurred because water cohesion and capillary pressure in the micropores of the finetextured upper layer prevented water from transferring from the micropores into the macropores of the coarse-textured lower layer (Boateng 2007) . Thus, a layered soil could elevate soil water contents and the AWHC for plants.
Soil texture and layering in soils also had a great impact on the FRD of the alfalfa. Similar decreases in FRD were observed in the two homogeneous soil columns used in this study (Fig. 4) . However, for the three layered soil columns, the FRD was much greater in the loess layers than in the sand layers (Fig. 4) . This occurred because the soil water content was one of the main factors that affected and potentially limited the FRD in the soil profiles (Eapen et al. 2005) .
While FRD was affected by soil water content, the soil water content profiles in each layer were in turn affected by the root distributions under the same irrigation conditions. In this study, we found that the reduction in soil water content was greater and soil water content reduction occurred earlier, with increasing numbers of layers in the layered columns (Fig. 3 ). This was due to the faster growth of the roots, indicated by the greater transpiration as the number of textural interfaces increased and the thickness of the soil layers decreased. Since the irrigation water recharge affected upper soil layers but did not extend to the lowest layer in the column with the greatest number of layers, the water content of the deepest loess layers had almost reached the WP while the other two layered columns had relatively larger soil water contents at the end of the experiment. Hence, the cumulative transpiration increased as the root density increased and as the number of textural interfaces increased (Table 2) .
The biomass of alfalfa was greatly affected by soil texture and the layering within the soil columns. The shoot biomass was lowest in the homogeneous sand column (Table 2) because of the small AWHC (89 mm) ( Table 2 ) and large K s (3.7 Â 10 -4 m s -1 ) (Table 1) . Thus, irrigation water rapidly percolated to the bottom of the columns and was mostly unavailable to alfalfa roots in the upper layers. In the homogeneous loess columns, the shoot biomass was greater than that in the homogeneous sand columns, which resulted from the greater AWHC. However, the shoot biomass was less than that in the three layered columns although the AWHCs in these columns were much less than that in the homogeneous loess columns. This is because the alfalfa plants grew more slowly in the loess than in the sand, especially at the beginning of their growth stage. In the three layered columns, the shoot biomass increased with the increasing number of layers and the decreasing layer thickness.
Many studies have shown that P N is highly sensitive to soil water deficits under various different plants (Rajendrudu and Naidu 1997; Ni et al. 2012; Xu et al. 2013) . The results of this study showed that, for alfalfa, P N was consistently lowest in the homogeneous sand columns and was, in general, greatest in the homogeneous loess columns. Furthermore, there was a positive correlation between P N and AWHC for the two homogeneous soil columns. In the three layered columns, P N was mainly correlated with the rooting depth of the alfalfa. If the tip of the root grew out of a loess layer and began to grow through a sand layer, the P N decreased. For instance, on August 19, the P N in the 11.25-cm and 22.5-cm layered columns was less than that in the 45-cm layered columns. This is because the alfalfa root began to grow through sand layers in the 11.25-cm and 22.5-cm layered columns while it had already grown through the upper sand layer and into the lower loess layer in the 45-cm layered columns (Fig. 3) .
Conclusions
A laboratory soil column experiment was conducted in which alfalfa was grown in columns that were packed with loess and/or sand, either as a homogeneous soil column or as a layered column with one of three different layering schemes of the two soils. An assessment was made of the effect of textural layering on the fine root distribution, water consumption, and growth of alfalfa. The following conclusions were drawn from this study:
(1) For the layered soils, the AWHC was significantly increased by increasing the number of layers and decreasing their thickness. (2) The FRD gradually decreased with increasing depth in the two homogeneous soils, while the FRD in the loess layers was much greater than that in the sand layers for the three layered soils. The total FRD was significantly increased by introducing thinner layers into a soil profile. (3) Fine root distribution and textural layering affected soil water content and soil water storage in the columns under the same irrigation conditions. With increasing numbers of layers resulting in more textural interfaces and decreases in layer thicknesses, roots grew faster and alfalfa consumed more water resulting in greater amounts of transpiration. (4) The alfalfa biomass and the net photosynthetic rate both significantly increased with the increasing number of layers.
The above trends might change once a minimum threshold thickness of the finer textured layer is reached, which would be equal to the combined pressure created by the suction of the underlying coarse layer at the residual water content plus the hydrostatic pressure within the finer textured layer. However, this study shows that both AWHC and plant growth can be enhanced by creating soil profiles with multiple layers having alternating soil textures, where the upper layer has the coarsest texture. These layered soils may be used within remediation projects, such as those applied following mining or when establishing vegetation cover, and could also potentially be applied in agriculture to improve the efficiency of irrigating coarse textured soils. However, these results were obtained from column experiments and corresponding field experiments should be conducted in the future. The exact number and thickness of layers should be determined according to the operation limits of machinery and the cost effectiveness of constructing the layered soil profiles.
